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The study’s main objectives were to investigate the leaf
water potential responses of three bean varieties to
water stress during flowering with a view to making rec-
ommendations on their agricultural suitability for the
semi-arid environments of Kenya. The experiments were
conducted over two seasons at KARI/ICRISAT experi-
mental field station located at Kiboko in southeast
Kenya. The selected beans were: the high-yielding
Kenyan varieties Mwezi moja and Rose coco (Phaseolus
vulgaris L., var. GLP-1004 and var. GLP-2, respectively)
and a ‘minor pulse’ Tepary bean variety (Phaseolus acu-
tifolius A. Gray var. latifolius). These three bean varieties
were grown under optimum water and nutrient condi-
tions for 65, 70 and 60 days, respectively, the periods
required for each to reach physiological maturity. At the
critical stage of flowering, irrigation was withheld from
half of the bean plots to induce water stress, and the
diurnal leaf water potentials measured on stressed and
non-stressed plants. Differences in leaf water potentials
between the treatments were apparent. Tepary beans
maintained higher leaf water potential (LWP) and showed
more pronounced diurnal responses than Mwezi and
Rose beans under both water stressed and non-water
stressed conditions. However, LWPs in the last two bean
varieties decreased more rapidly and much earlier in the
morning than in Tepary, and their percentage yield
reductions from the optimum following the induced
water stress were also higher. The short growth cycle of
Tepary bean together with its maintenance of a high LWP
and good yield performance under water stress could be
interpreted to mean that this variety is more adaptable to
a semi-arid environment than Mwezi and Rose beans.
In Kenya, the most commonly grown legumes are field
beans (Phaseolus vulgaris L.), pigeon pea (Cajanus cajan
L.), cowpea (Vigna unguiculata L. Walp), green grams
(Vigna radiata L. Wilczek) and field peas (Pisum sativum L.).
Of these, field beans are the most widely cultivated. The
importance of beans mainly lies in their actual and potential
value as a source of plant protein rich in lysine, trytophane
and methionine (Agwanda 1988). They are second only to
maize as a major food crop and have been grown in Kenya
for over 300 years in all agro-ecological zones except the
lowlands (Shisanya 1996). In developing countries like
Kenya, where animal protein is expensive for the majority of
low-income groups, beans and other pulses, which contain
considerable amounts of protein of high nutritional value,
assume great importance as a potential source of low cost
readily obtainable protein.
Increasing population pressure, particularly in the so-called
‘high potential areas’ has forced cropping into more marginal
rainfall areas, where productivity of such cropping systems is
uncertain (Pilbeam et al. 1995, Frenken et al. 1993). These
marginal areas have only short to very short wet periods of
about 40–45 to 85–105 days (Shisanya 1996), with low
intensity precipitation comprising less than 80% of the poten-
tial evapotranspiration during the main part of the rainy sea-
son, and frequent dry spells (Hornetz et al. 2000).
The search for crop cultivars that are well adapted to the
semi-arid environments of Kenya continues to be at the fore-
front of the research agenda of Kenyan agricultural
researchers (Shisanya 2004). As Hornetz (1988) observed,
one thing that needs to be considered in such research
agendas is to test the ecophysiological properties of the
plants, such as crop water requirements (Shisanya 1996) or
response to high temperature and water deficit (Hornetz et
al. 2000). The response of annual crops to water deficit
depends upon the developmental stage of the plants at the
time water becomes limiting (Levitt 1972). Some ontogenet-
ic stages, like those corresponding to the early growth of the
reproductive organs, are particularly sensitive to plant-water
balance which, if unfavourable, may result in an important
reduction in grain yield (Hornetz 1997). Leaf water potential
(LWP) has proved to be one of the most valid indicators of
crop water deficit (Idso 1982, Olufayo et al. 1993, 1998). It
is an appropriate index for screening suitable crops for given
climatic environments (Hornetz 1990, Olufayo et al. 1993).
In view of this, this study compared the diurnal LWP
responses of two ‘high yielding bean varieties’ (Mwezi moja
and Rose coco), and a ‘minor pulse’ (Tepary or Tepari) vari-
ety under experimentally induced water stress at the critical
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flowering stage with a view to making recommendations on
their agricultural suitability for the semi-arid environments of
Kenya.
Materials and Methods
Experimental site
The experiments were carried out at KARI/ICRISAT Kiboko
sub-centre (latitude 02°12’S, longitude 37°43’E, altitude
975m), located at about 160km southeast of Nairobi, the
capital town of Kenya. The climate of the experimental site
is described as hot and dry (Hornetz et al. 2000). The soils
of the study area are well drained Fluvisols, Ferralsols and
Luvisols (Eichinger 1999). The soil pH of the experimental
field is 7.9 (measured in 0.01ml–1 CaCl2). Rainfall is bimodal-
ly distributed, with median monthly maxima in April (126mm)
and November (138mm). The medial annual rainfall is about
582mm year–1. The short rains (SR) (October–January) gen-
erally have more rainfall and are more reliable than the long
rains (LR) (March–June) (Hornetz et al. 2000). The lengths
of the agrohumid periods for drought-adapted crops are
50–55 days (LR) and 65–70 days (SR) (Shisanya 1996).
Average monthly temperatures are highest in February
(24.3°C) and October (23.4°C) (KMD 1984), prior to the
onset of the rains in March and November, respectively.
Seed source 
Bean seeds of high-yielding Kenyan varieties Mwezi moja
and Rose coco (Phaseolus vulgaris L., var. GLP-1004 and
var. GLP-2, respectively) were purchased from Simlaws
Seed Company Ltd in Nairobi. Those of a ‘minor pulse’
Tepary bean variety (Phaseolus acutifolius A. Gray var. lati-
folius) were obtained from local farmers. Seeds were sorted
for uniformity in size and those damaged extracted.
Experimental design and treatments
The experiments were conducted over both long
(March–June 2002) and short (October 2002 to January
2003) rainy seasons. The field experiments consisted of
three blocks sowed at equivalent densities with seeds of
Mwezi, Rose and Tepary bean varieties, respectively.
Land preparation was done by tractor ploughing, and fol-
lowed by harrowing. A basal dose of triple superphosphate
granules (TSP; 50% P2O5) fertiliser was applied at the rate
of 40kg ha–1 to all the plots. The crop seeds were sowed just
before the onset of the rains in both seasons. All the blocks
were irrigated at planting time to ensure good germination.
Soil moisture was monitored in 15cm, 40cm and 60cm soil
depth using gypsum block electrodes (Soil Moisture, Sta.
Barbara, Carlifornia, USA (Hartmann 1993). The assumption
was that the bean rooting depth at the experimental site is
60cm (Shisanya 1996). The gypsum blocks had earlier been
calibrated for the soils at the experimental site. Irrigation was
applied whenever the soil moisture levels fell to below 60%
of field capacity. At flowering, after 65, 70 and 60 days
growth of the Mwezi, Rose and Tepary bean varieties
respectively, irrigation was withheld from half of the popula-
tions in each block to induce water stress.
Plant leaf water potential and yield
The diurnal LWP in situ was measured using a hygrometer
probe (WESCOR Inc., Logan, Utah, USA; Model C-52).
Measurements were made during flowering since this is the
most water-sensitive stage in crop development (Soriano
and Ginzo 1975). They were conducted on discs punched
from the middle part of either the last expanded leaf, or the
one immediately beneath it. The discs were taken at hourly
intervals between 07h00 and 19h00 (solar time) from four
randomly selected water stressed and non-water stressed
plants of each species in each block. The criterion for leaf
selection was that the sampled leaves were healthy and fully
exposed to sunlight. Leaf discs were allowed to equilibrate
in the hygrometer chamber for 15 minutes (Soriano and
Ginzo 1975) before taking the reading using the HR-33T
dew point microvoltmeter (WESCOR Inc.). Following com-
pletion of the LWP measurements, the differently water
stressed plants of each species were harvested from the
blocks, dried in a forced draft oven at 60°C, and weighed.
Statistical analysis
An analysis of variance (ANOVA) tested for significant dif-
ferences in LWP in each species between treatments, the
blocks comprising the treatment replicates, times of the day
and their interaction. 
Results and Discussion
The ANOVA indicated significant (P ≤ 0.01) main effects due
to treatments and times of the day, and significant (P ≤ 0.05)
treatment vs time interactions (Table 1). These interactions
indicated that the magnitude of LWP differences under the
different soil moisture conditions varied at different times of
the day and required separate interpretation.
The diurnal course of LWP in the three bean varieties
under the water-tressed and non-water-stressed conditions
at flowering are shown in Figures 1 and 2, respectively. The
LWP was higher at daybreak, i.e. 07h00 in the morning local
time (–0.15MPa to –0.17MPa) in plants that were not water-
stressed and slightly lower (–0.20MPa to –0.21MPa) in the
water-stressed plants (Figure 2), in both seasons. The LWP
decreased during the course of the day, reaching a minimum
of about –0.25MPa to –0.30MPa in the non-water-stressed
plants. However, the water-stressed Tepary, Mwezi and
Rose bean varieties had much lower LWPs of –0.38MPa,
–0.68MPa and –0.98MPa, respectively, between 15h00 and
17h00 local time, in both seasons. Most of these water-
stressed plants exhibited parahelionastic movements in their
leaf canopies, which was more pronounced in Tepary than in
Mwezi and Rose varieties. This response, like stomatal clo-
sure in times of water deficit, results in reduced transpiration
rates and leaf temperature (Levitt 1972, Forseth and
Ehleringer 1983) and also minimises the likelihood of photo-
transpiratory damage to leaves (Ludlow and Bjorkman
1984). Biochemical analysis of a Tepary variety bean (Coyne
and Serrano 1963) showed that the plant produced high
amounts of soluble non-structural carbohydrates such as
glucose and sucrose, in times of adequate as well as insuf-
ficient water supply. These carbohydrates are stored in vac-
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Figure 1: Diurnal course of leaf water potential in three bean varieties under water-stress conditions at flowering
Figure 2: Diurnal course of leaf water potential in three bean varieties under non-water-stress conditions at flowering
Source of variation Degrees Freedom F-ratios
Tepary Mwezi moja Rose coco
Main effects
Treatment 1 499.4** 524.5** 596.8**
Blocks 2 97.2*** 100.3*** 98.4***
Time 12 6.9*** 9.9*** 8.9**
Interactions
Treatment x Blocks 2 110.7*** 120.7*** 132.8***
Blocks x Time 24 0.7 0.8 0.2
Treatment x Time 12 2.8* 3.9** 3.6**
Error 24
Total 77
Significant at *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001
Table 1: Analysis of variance of leaf water potential responses in three bean varieties
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uoles of the cells and act as osmotically effective protective
substances during water deficit.
The Tepary variety maintained a higher LWP than Mwezi
and Rose For example, under water stress, Tepary attained
a minimum LWP of only about –0.38MPa compared to
–0.68MPa and –0.98MPa attained by Mwezi and Rose,
respectively (Figure 1). This provided confirmation that
Tepary possesses drought tolerance mechanisms as
described by Hornetz (1988, 1990). With regard to Mwezi
and Rose, their much lower LWP was an indication of their
unsuitability for the semi-arid environments of Kenya. Their
susceptibility to water stress was corroborated by their more
rapid LWP decrease early in the morning (Figure 2).
Percentage yield reductions from the optimum resulting
from the induced water stress at flowering were more pro-
nounced in Mwezi and Rose varieties (Table 2), which dis-
played 66% and 72% reductions in yield respectively com-
pared with only 47% by the Tepary variety. Thus, a crop fail-
ure was almost recorded for the two former bean varieties
under water stress. These findings concur with climatic cham-
ber experiments (Hornetz 1990), which have shown that
Mwezi and Rose beans required 30% and 40% more water
respectively than Tepary bean. The conclusion is that farmers
in the semi-arid environments of Kenya are more likely to har-
vest a suitable crop from Tepary than Mwezi or Rose bean
varieties in growing seasons of below normal rainfall.
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